Thermodynamic Calculation of Phase Diagrams in Partial (U, Th, Pu)-based Alloys by 王贵成
  









Thermodynamic Calculation of Phase Diagrams in Partial  
(U, Th, Pu)-based Alloys  
王贵成 
指导教师姓名： 王 翠 萍 教 授 
专 业 名 称： 材 料 加 工 工 程
论文提交日期： 2 0 1 3 年  5  月
论文答辩日期： 2 0 1 3 年  6  月




















































术活动规范 (试行) 》。 
另外，该学位论文为 (                            ) 课题 
(组) 的研究成果，获得 (               ) 课题 (组) 经费或实验




声明人 (签名) ： 








































 (     ) 1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人 (签名) ： 
































其相图和热力学信息。本论文基于相图计算的CALPHAD方法，对U-X (X: As, Zn, 
Ta), Th-X (X: Au, Pb, Be, W) 和 Pu-X (X: Fe, Pt, Cd，W) 各二元系的相图以及
U-Zr-Ti 和 Zr-Fe-Cr 三元系相图进行了热力学优化与计算，并对核燃料元件不锈
钢包壳材料的主要成分 Zr、Fe 和 Cr 所组成的三元系合金相图进行了实验测定，
主要研究工作如下： 
    (1) 系统地收集、整理和分析了U-X (X: As, Zn, Ta), Th-X (X: Au, Pb, Be, W) 
和Pu-X (X: Fe, Pt, Cd, W) 各二元系的热力学信息和实验相图数据，首次优化与






    (3) 本研究进一步完善了本实验室建立的核材料相图热力学数据库。以该数
据库为基础，本研究通过理论计算对U-Zr-Pu-Ti-V五元系合金进行了核燃料的设
计，为核燃料的开发提供了一定的理论指导。 





















Nuclear energy is an important new energy, and nuclear materials are the guarantee 
for the secure and highly efficient operation of the nuclear reactors. However, due to 
the rigorous restriction of the experimental conditions for the nuclear material, the 
traditional experimental method is unsuitable for the investigation of the nuclear 
materials.  
In order to design high-powered nuclear materials, the knowledge of phase 
diagrams and thermodynamic data of the involved systems are crucially necessary. In 
the present work, thermodynamic calculations (CALPHAD) of the phase diagrams of 
U-X (X: As, Zn, Ta), Th-X (X: Au, Pb, Be, W), Pu-X (X: Fe, Pt, Cd, W), U-Zr-Ti and 
Zr-Fe-Cr systems are carried out. On the other hand, we have experimentally 
determined the Zr-Fe-Cr ternary phase diagram, which is the major elements of the 
cladding materials of the stainless steel. The work is described in the following. 
    (1) Thermodynamic description of the U-X (X: As, Zn, Ta), Th-X (X: Au, Pb, Be, 
W) and Pu-X (X: Fe, Pt, Cd, W) binary systems were firstly optimized by using the 
CALPHAD method based on critically evaluated experimental data. The calculated 
results are in good agreement with the available experimental data. 
    (2) Thermodynamic description of the U-Zr-Ti ternary phase systems were firstly 
optimized by using the CALPHAD method based on critically evaluated experimental 
data. The phase diagram of the Zr-Fe-Cr ternary systems at 1100℃ and 1200℃ have 
been experimentally determined, and the thermodynamic optimization was carried out 
by using the CALPHAD method. 
    (3) Basing on the thermodynamic database of nuclear material alloys, we have 
designed the U-Zr-Pu-Ti-V alloy system in nuclear fuels through thermodynamic 
calculation, which will provide powerful guide in the investigation of nuclear fuels. 
The partial (U, Th, Pu)-based alloy systems have been successfully optimized by 
the present work, which will replenish the thermodynamic database of (U, Th, 














the new nuclear fuels. In addition, the present work has determined and calculated the 
Zr-Fe-Cr ternary phase diagram, which can provide an exploring investigation for the 
design of the cladding materials. 
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